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Objective—To characterize clinical signs and lesions 
and identify the etiologic agent associated with epi- 
zootic catarrhal enteritis in domestic ferrets. 


Design—Cross-sectional study. 


Animals—119 ferrets with epizootic diarrhea of pre- 
sumed viral cause and 5 control ferrets. 


Procedure—Clinical records and biopsy or necropsy 
specimens of ferrets with presumed epizootic 
catarrhal enteritis were reviewed. Immunohisto- 
chemical staining for coronavirus antigen was per- 
formed on paraffin-embedded tissues from approxi- 
mately 10% of affected ferrets to identify viral antigen 
and determine its distribution. Transmission electron 
microscopy was performed on fecal samples and sec- 
tions of jejunum. Virus isolation studies as well as 
immunofluorescent tests for other similar viruses 
were performed. 


Results—Characteristic microscopic lesions consis- 
tent with intestinal coronavirus infection (vacuolar 
degeneration and necrosis of villus enterocytes; villus 
atrophy, fusion, and blunting; and lymphocytic enteri- 
tis) were consistently detected in affected ferrets. 
Coronavirus particles were identified in feces and jeju- 
nal enterocytes by use of transmission electron 
microscopy. Immunohistochemical staining of jejunal 
sections revealed coronavirus antigens. Antigen stain- 
ing was not detected in healthy ferrets or ferrets with 
other gastrointestinal tract diseases. Virus isolation 
was unsuccessful, and other similar viruses were not 
detected. 


Conclusions and Clinical Relevance—Results 
strongly implicate a coronavirus as the causative 
agent of epizootic catarrhal enteritis in ferrets. 
Diagnosis may be made on the basis of a combination 
of historical, clinical, and microscopic findings. (J Am 
Vet Med Assoc 2000;217:526—-530) 


L March of 1993, a novel diarrheal disease affecting 
domestic ferrets (Mustela putorius furo) was reported 
by ferret breeders and pet owners along the east coast 
of the United States. Within 1 week, epizootics of diar- 
rhea that caused rapid dehydration developed in ferret 
breeding and rescue facilities in Virginia, Maryland, 
Pennsylvania, and Wisconsin. The disease was charac- 
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terized as having high morbidity and low mortality 
with initial signs of lethargy, inappetence, and vomit- 
ing. Subsequently, profuse bright green diarrhea with 
high mucus content developed, often affecting 100% of 
ferrets in each facility. Disease severity in individuals 
was highly variable; older ferrets had more severe 
signs, whereas young ferrets had mild or subclinical 
infection. Since that time, this disease has been diag- 
nosed throughout the United States and in several 
other countries, affecting ferrets in breeding and rescue 
facilities as well as pet ferrets, resulting in substantial 
economic loss and emotional distress. The disease was 
named epizootic catarrhal enteritis (ECE) after study 
at the Armed Forces Institute of Pathology on the basis 
of similarities to a diarrheal disease of mink (epizootic 
catarrhal gastroenteritis). 

In ECE of ferrets, as in epizootic catarrhal gas- 
troenteritis of mink, coronavirus-like particles were 
seen in feces, and a combination of atrophic and 
inflammatory enteric lesions characteristic of chronic 
coronavirus infection was commonly detected in fer- 
rets with long-standing disease. The purpose of the 
study reported here was to characterize clinical signs 
and lesions and identify the etiologic agent associated 
with ECE in domestic ferrets. We hypothesized that a 
coronavirus was the causative agent. 


Materials and Methods 

Study population—Medical records of ferrets with non- 
specific enteritis diagnosed between March 1993 and July 
1999 on the basis of histologic examination of biopsy or 
necropsy specimens were reviewed at the Armed Forces 
Institute of Pathology and AccuPath Inc. Criteria for inclusion 
in the study included a clinical history of diarrhea, lack of a 
definitive cause of the disease, and one or more of the follow- 
ing microscopic lesions: vacuolar degeneration and necrosis 
of villus enterocytes; villus atrophy, fusion, and blunting; and 
lymphoplasmacytic enteritis characterized by a subjective 
increase in number of intraepithelial lymphocytes. Of 171 
reviewed cases, 110 met study criteria. In addition, 10 ferrets 
from a large breeding colony affected by an epizootic diarrheal 
disease were submitted to Purdue University for examination. 
After necropsy and microscopic examination, 9 of these fer- 
rets met study criteria and were included in the study. 

Medical records were reviewed for history, clinical find- 
ings, and results of necropsy and laboratory tests. Because 
many of the medical records consisted primarily of patholo- 
gy reports, complete clinicopathologic data were often not 
available. Biopsy and necropsy specimens were retrieved for 
histologic, immunohistochemical, electron microscopic, and 
immunofluorescent studies as well as virus isolation. 
Specimens from 5 control ferrets that did not meet study cri- 
teria were also obtained. 


Histologic preparation—Tissues were fixed in neutral- 
buffered 10% formalin, embedded in paraffin, sectioned at 7 
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uum on a microtome, and stained with H&E for examination 
by use of light microscopy. 


Immunohistochemical studies—Formalin-fixed paraf- 
fin-embedded tissues from 15 ferrets were selected for 
immunohistochemical evaluation. Two staining protocols 
and 2 antibodies were used. Following deparaffinization, 2 
histologic slides of affected small intestine from each of 10 
ferrets examined at the Armed Forces Institute of Pathology 
were washed in automation buffer’ with 10% acetone and 
0.15% 23-lauryl ether’ and immersed in 3.0% hydrogen per- 
oxide in methanol for 10 minutes to block endogenous per- 
oxidase activity. After washing with automation buffer, slides 
were incubated in 0.05% protease XIV‘ for 20 minutes at 42 
C. Nonspecific antibody binding was blocked with 4% nor- 
mal goat serum. Immunostaining was performed by 
overnight incubation at 4 C with monoclonal antibody 7-3* 
(dilutions, 1:8,000 and 1:16,000) that had been produced 
against feline infectious peritonitis virus (this antibody also 
has cross-reactivity to canine and porcine coronavirus in for- 
malin-fixed tissue) and biotinylated goat anti-mouse sec- 
ondary antibody* (dilution, 1:400). Staining was completed 
by use of a peroxidase-labeled avidin-biotin complex’ fol- 
lowed by diaminobenzidine as a chromogen substrate. After 
a final washing in automation buffer, sections were counter- 
stained with H&E. 

Following deparaffinization, 2 histologic slides of affect- 
ed small intestine from each of 5 ferrets examined at Purdue 
University were washed in a mixture of 1 L of phosphate- 
buffered saline solution and 50 ul Tween 20° (pH, 7.4) and 
immersed in 3.0% hydrogen peroxide for 10 minutes to block 
endogenous peroxidase activity. After washing with distilled 
water, slides were incubated in 10-mM EDTA/NaOH buffer 
(pH, 8.0) in a microwave oven (600 W) for 10 minutes and 
acclimatized at 20 C for 60 minutes. Nonspecific antibody 
binding was blocked with 2% normal goat serum. 
Monoclonal antibody FCV3-70" (this antibody reacts specifi- 
cally with feline, canine, and porcine coronaviruses in paraf- 
fin-embedded tissue**) was applied at a dilution of 1:100 fol- 
lowed by a 1:500 dilution of a biotinylated goat anti-mouse 
secondary antibody’ for overnight incubation at —4 C. 
Antibody binding was localized with a peroxidase-labeled 
avidin-biotin complex’ and stained with vector red alkaline 
phosphatase substrate. After washing in distilled water, sec- 
tions were counterstained with Mayer's hematoxylin, dehy- 
drated, cleared, and mounted in epoxy resin.' Negative anti- 
body control slides were prepared by staining tissue sections 
with isotype murine monoclonal control antibodies in both 
protocols. 


Transmission electron microscopy—Specimens of 
small intestine from 2 affected ferrets from the large breeding 
colony were fixed sequentially in neutral-buffered 10% for- 
malin and 4% glutaraldehyde and osmium tetroxide, embed- 
ded in epoxide resin, sectioned with an ultramicrotome, and 
stained with lead citrate and uranyl acetate. Sections were 
examined and photographed by use of a transmission elec- 
tron microscope.” 

Fecal samples from 9 ferrets from the large breeding 
colony were diluted to approximately 5% with deionized 
water and centrifuged" at 10,000 rpm for 5 minutes. The 
supernatant was removed and centrifuged at 20,000 rpm for 
40 minutes; the resulting supernatant was discarded. A solu- 
tion of 3 drops of 3% phosphotungstic acid, 1 drop of 0.1% 
bovine serum albumin, and enough deionized water to fill 
the appropriate number of spots on the spot plate was pre- 
pared, and 1 spot was pipetted into the tube to resuspend the 
pellet. The resuspended material was pipetted into a nebuliz- 
er and sprayed on grids; spraying was repeated 30 to 40 times 
on each grid. The nebulizer was removed, and grids were 


examined and photographed by use of a transmission elec- 
tron microscope.” 


Virus isolation—Fecal extracts and tissue homogenates 
of liver, lung, and intestine from 9 acutely infected ferrets 
from the large breeding colony were passed through a 1-1m 
millipore filter and inoculated into the following cell cul- 
tures: MV-1-LU, HRT-18, DK-5966, CRSK, and A72-163.° 
Identical inoculations were performed on cell cultures treat- 
ed with trypsin and untreated cell cultures. 


Immunofluorescence—Specimens of small intestine 
from 9 ferrets from the large breeding colony were snap 
frozen with solid CO); 6-um cryosections were cut, mount- 
ed on cover slips, air-dried, and fixed with acetone. After 
washing with Tris buffer (pH, 8.7), sections were incubated 
with fluorescein isothiocyanate-conjugated antibodies 
against canine distemper virus,” canine parvovirus 2,” canine 
coronavirus,’ canine herpesvirus,’ bovine coronavirus,” 
bovine rotavirus,” porcine rotavirus,’ porcine hemagglutinat- 
ing encephalomyelitis virus,‘ and porcine transmissible gas- 
troenteritis virus,’ at a dilution of 1:500 for 30 minutes at 20 
C in a humid chamber. Unbound stain was removed by 
washing with Tris buffer. Sections were counterstained with 
Evans blue in Tris buffer (dilution, 1:10,000), mounted in 
glycerol, and examined by use of ultraviolet light 
microscopy. 


Results 

Historical and clinicopathologic data—Mean and 
median age of ferrets with ECE was 4.18 and 4.0 years, 
respectively. Because medical records were often 
incomplete, meaningful interpretation of other data 
was not possible. 


Breeding colony outbreak—Ten ferrets examined 
at Purdue University were submitted during a wide- 
spread outbreak of ECE in a large breeding colony. 
The disease spread from cage to adjacent cage but was 
also detected at more distant locations within 48 
hours of appearance of the initial cases. Once clinical 
signs were noticed in ferrets in a given area, the dis- 
ease progressed during a period of several weeks to 
affect ferrets in all cages within the same building. 
Initial attempts to contain the disease by use of pro- 
tective clothing and restricted movement of ferret 
caretakers were unsuccessful. Palliative treatments 
such as administration of broad-spectrum antimicro- 
bials and SC administration of fluids were used, 
depending on severity of clinical signs. Morbidity was 
initially limited to adult ferrets; mortality rate in most 
buildings was < 5%. Within several weeks the epi- 
zootic subsided, although loose mucoid feces, without 
other clinical signs, were intermittently noticed in 
otherwise healthy young ferrets. 


Gross lesions—Gross lesions in ferrets with acute 
ECE were characterized by bright green diarrhea with 
high mucus content and hyperemia of affected portions 
of the small intestine. Ferrets examined at a later stage 
of disease had thinning of the intestinal wall with loss 
of villi, and the lumen contained grainy material 
described as resembling bird seed. 


Microscopic lesions—Affected ferrets had diffuse 
lymphocytic enteritis only (n = 40), characterized by 
variable numbers of intraepithelial lymphocytes, or 
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Figure 1—Photomicrograph of a section of jejunum from a fer- 
ret with chronic epizootic catarrhal enteritis. Notice characteris- 
tic fusion and blunting of villi (arrows) and prominent lympho- 
cytic enteritis causing expansion of the lamina propria of the 
mucosa. H&E stain; bar = 17.5 um. 


Figure 2—Photomicrograph of a section of jejunum from a fer- 
ret with acute epizootic catarrhal enteritis. Notice characteristic 
vacuolar degeneration of villus enterocytes (arrows) and intraep- 
ithelial lymphocytes (arrowheads). H&E stain; bar = 70 um. 


had lymphocytic enteritis as well as villus atrophy, 
fusion, and blunting (Fig 1 [36]), vacuolar degenera- 
tion and necrosis of the apical epithelium (Fig 2 [15]), 
or a combination of all these lesions (15). Lymphocytic 
enteritis, villus lesions, and diffuse mucosal necrosis 
with granulation tissue formation and bacteria were 
detected in 4 ferrets. Villus atrophy, fusion, and blunt- 
ing was detected without other lesions in 3 ferrets and 
with vacuolar epithelial degeneration and necrosis 
only in 2 ferrets. Control ferrets had normal findings or 
lesions associated with other diseases. 


Immunohistochemical staining—Positive results 
of immunohistochemical procedures were detected in 
6 of 10 specimens from the Armed Forces Institute of 
Pathology by use of monoclonal antibody 7-3 and in 4 
of 5 specimens from Purdue University by use of mon- 
oclonal antibody FCV3-70. Positive labeling for coron- 
avirus ranged from staining of focal scattered villus 
enterocytes to staining of extensive numbers of entero- 


Figure 3—Transmission electron photomicrograph of fecal 
preparation from a ferret with epizootic catarrhal enteritis. 
Notice the coronavirus-like particle, approximately 120 nm in 
diameter, characterized by a regularly spaced array of 20-nm- 
long pin-shaped peplomers. Unstained; bar = 72 nm. 
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Figure 4—Transmission electron photomicrograph of a section 
of jejunum of a ferret with epizootic catarrhal enteritis. Notice 
highly pleomorphic virions (arrows), approximately 120 nm in 
diameter, in cytoplasmic vacuoles of apical enterocytes. Lead 
citrate and uranyl acetate stain; bar = 1 um. 


cytes throughout the length of the villus. Results were 
negative for specimens from 5 control ferrets that were 
healthy or had intestinal diseases that were not caused 
by viruses. 
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Immunofluorescent and virus isolation studies— 
Results of direct fluorescent antibody tests on frozen 
sections of intestine were negative for canine distemper 
virus, canine parvovirus 2, canine coronavirus, canine 
herpesvirus, bovine coronavirus, bovine rotavirus, 
porcine rotavirus, porcine hemagglutinating enceph- 
alomyelitis virus, and porcine transmissible gastroen- 
teritis virus. No viruses were isolated from intestine, 
spleen, or liver specimens. 


Electron microscopy—Coronavirus-like particles, 
approximately 120 nm in diameter, were observed by 
use of transmission electron microscopy in fecal sam- 
ples from 9 ferrets with ECE (Fig 3). Virions were 
characterized by an evenly spaced array of 20-nm pin- 
shaped peplomers distributed around the periphery. 

Transmission electron microscopy of selected sec- 
tions of jejunal mucosa from 2 ferrets revealed highly 
pleomorphic virions, approximately 120 nm in diame- 
ter, in cytoplasmic vacuoles of apical enterocytes (Fig 
4). Similar virions were found at the cell surface. The 
brush border of multiple apical enterocytes was degen- 
erate or absent. Affected cells had degranulated endo- 
plasmic reticulum, contained large numbers of intracy- 
toplasmic vacuoles, or were shrunken. 


Discussion 

Epizootic catarrhal enteritis in ferrets is character- 
ized by outbreaks of green mucoid diarrhea and micro- 
scopic findings of lymphocytic enteritis accompanied 
by villus atrophy, fusion, and blunting and vacuolar 
degeneration or necrosis of the apical epithelium. 
Results of the study reported here strongly support the 
hypothesis that a coronavirus is the etiologic agent of 
ECE. 

The pathogenesis and clinical progression of this 
condition is similar to enteritis caused by coronavirus- 
es in other species. Infected ferrets often have lethargy 
and anorexia as initial clinical signs that are evident 
within 48 to 72 hours after exposure. Vomiting (which 
may or may not be reported by owners) is the first sign 
of gastrointestinal tract disease in most ferrets.* 
Vomiting subsides within hours, and a characteristic 
profuse green watery-to-mucoid diarrhea ensues. The 
mucoid nature of the feces in the early stages of this 
disease is a characteristic finding in ECE and has been 
described in enteric coronavirus infections in other 
species.”® In addition to the characteristic gross and 
microscopic lesions detected in the study reported 
here, mesenteric lymph nodes are often enlarged, with 
moderate to substantial paracortical and follicular 
hyperplasia being a prominent microscopic finding. 

The hypersecretory phase of uncomplicated ECE 
often resolves within 5 to 7 days in healthy young fer- 
rets, and a subsequent period of maldigestion or mal- 
absorption of widely varying duration may develop.’ 
During the malabsorptive phase of the disease, feces 
have a characteristic grainy appearance attributable to 
undigested fats and proteins. Microscopic examination 
of feces may reveal undigested fat droplets or starch 
granules but is unreliable, because results are insensi- 
tive, imprecise, and may be complicated by increased 
gastrointestinal transit time in affected ferrets and vari- 


able diet composition. Microscopic lesions in jejunal 
biopsy specimens during this time consist of a combi- 
nation of villus shortening and widespread lymphocyt- 
ic enteritis characterized by prominent increases in 
numbers of intraepithelial lymphocytes and total num- 
bers of lymphocytes within the intestinal submucosa 
and lymphoid follicles. 

The disease often can be correctly diagnosed sole- 
ly on the basis of characteristic historical findings and 
clinical signs.* Careful examination of the clinical his- 
tory will often reveal initial exposure to an asympto- 
matic ferret (often a kit) 48 to 72 hours prior to the 
onset of clinical signs. 

Clinicopathologic findings are generally nonspe- 
cific and attributable to substantial dehydration and 
inanition in acutely affected ferrets. Inanition causes 
increased serum activity of alanine aminotransferase 
and alkaline phosphatase attributable to mobilization 
of peripheral fat stores to the liver, with resultant hepa- 
tocellular swelling.’ Leukocytosis may develop in fer- 
rets with concurrent bacterial infections or gastric 
ulceration. Mild hypoalbuminemia may be the result of 
a combination of enteritis and malabsorption in chron- 
ically affected ferrets. Definitive diagnosis in ferrets 
with equivocal clinical histories may be accomplished 
by microscopic examination of intestinal biopsy or 
necropsy specimens that have characteristic lesions.’ 

Because of the inherent difficulty of propagating 
coronaviruses in vitro, definitive diagnosis of corona- 
virus infection in animals is difficult and often frus- 
trating. In acute phases of disease, coronavirus-like 
particles may be identified by electron microscopic 
examination of feces. The term “coronavirus-like parti- 
cle” is used to describe pleomorphic particles ranging 
in size from 60 to 220 nm with morphology consistent 
with coronavirus particles, when results of other tests 
are negative or unavailable.’ In chronic stages of the 
disease, virions may still be intermittently shed in the 
feces; however, their concentration may be below that 
necessary for identification. Definitive diagnosis may 
require alternative diagnostic methods such as viral 
antigen-specific immunohistochemistry or in-situ 
hybridization. 

Coronaviruses are pleomorphic single-stranded 
RNA viruses that affect numerous animal species. In 
several species, including dogs,’*’cats,””'°"' pigs, cattle, 
rabbits,” mice, rats, poultry, and possibly humans,’ 
coronaviruses are responsible for enteric infection, 
diarrhea and, in some species, wasting and death. The 
Coronavirus genus contains 4 antigenic groups that 
contain several species and serotypes. The strong 
immunoreactivity identified with the monoclonal anti- 
bodies used in the study reported here suggests that 
this particular coronavirus belongs to Coronavirus anti- 
genic group 1, a mammalian group containing the 
coronaviruses that cause transmissible gastroenteritis 
in pigs, feline infectious peritonitis in cats, and enteri- 
tis in dogs.” 

In most domestic species, enteric infection by 
coronaviruses results in self-limiting diarrhea. The 
virus infects mature villus epithelial cells, and subse- 
quent necrosis of these cells results in villus blunting 
and fusion. Diarrhea is most likely caused by substan- 
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tial decrease in fluid absorption (passive secretory diar- 
thea) caused by villus shortening as well as maldiges- 
tion caused by loss of brush border enzymes. 

Transmission and epidemiologic features of ECE 
in naive populations are similar to enteric coronaviral 
infections in other animal species, particularly epizoot- 
ic catarrhal gastroenteritis in mink.’ Features include 
low morbidity in kits, high transmissibility, and low 
overall mortality rate (< 5%) unless infection is com- 
plicated with concurrent bacterial infections or other 
diseases. Older ferrets with concurrent diseases such as 
insulinoma, adrenal-associated endocrinopathy, and 
long-standing gastric infection with Helicobacter muste- 
lae often have more severe clinical signs and higher 
mortality than younger ferrets.’ Concurrent bacterial 
infections have been recognized as an associated risk 
factor for increased mortality in coronaviral infections.” 
Early outbreaks of disease similar to ECE developed 
immediately after ferret shows in which large numbers 
of ferrets were congregated, and transmission of virus 
by contaminated handlers could occur. Seasonal 
increases in outbreaks of ECE, as may occur with coro- 
navirus infection in cattle,'* have not been reported in 
ferrets. 

Treatment of affected ferrets has been reported* 
and includes supportive measures such as oral, SC, or 
IV administration of fluids and electrolytes and oral 
administration of antimicrobials. If malabsorption 
develops, oral administration of prednisone and provi- 
sion of highly digestible nutritional supplements may 
be beneficial. 
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